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ABSTRACT 

PURPOSE: Tb contrive theln^speedoperationof a system by supplying a 
boost voltage to an N well as a bias voltage, simultaneously transmitting 
the <p) channel insulation gate type of field effect transistor to the 
circuit needing the boost voltage as a transmission gate. 

CONS TITU T I ON: A pMOS 41 is a semiconductor which is provided with a source 
45 and a drain 46 constituted of a P(sup +) diffused layer to the NweU 
formed on a P type silicon substrate 43, and to its gate electrode 48 a 
control signal SG is supplied The boost voltage VB(sub 0) by supplying to 
the source 45 is transmitted to the drcuit 42 needing the boost voltage 
VB(sub 0), and through an N(sup+)dififused layer 49 formed on the Nwefl 
44 as- the bias voltage. In such a manner, in the case of driving the 
circuit 42 needing the boost, voltage VB(sub 0), the time lag is prevented. 
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[ «9 ] 

N'>x;Ufc:j&rft$n^pMOS€:eiSy-hi: 
' . ^ y ;r i^- • T ^ -fe • ^ y ( lUT. DRAM 



i: 3 ) 155 4 . 

[V] *««t&$ft«i*«. 7- HUltcJi, ^fflllSE 
Vcc[V] J:O^W«E<0. v^i^^;>sr-Xh« 
E. Wiif. 1.5 VccCV] i3^mt^^ix^ . Z<T> 
^ * l± T O il 0 T ft S . 

Vcc[v] ^^i^^&fc. ^ -^-/^i^ t3 9itni-c§ 

S«Ett. Vcc- Vt* [ V ] ( SL , Vt^*l«?? 
Aa3*»IWffi<OnMOS<r)J^U-yi^3;UH«Er 



«$::*:^<"rsC:i:"C, WmT ^ h 'Zn R^: mt^ 
trti^, ^ Z-C. *»**iDRAMlCi3V%'rt±. 

7- Hai^vStt-ffc-riisE. aD<E>, v-naK^ 

1.5 VccCV] i:L. r -'^ 5/' ^ tcSiStSE V cc 
[V] ^9ltniT#-&J:3tcL. S«r*«>a?Sfft 

fi^ jfe^ D R A M ^ — ffl 

tse*. '7-KHfc:r-J3c.h«E5r^l&TI>J:3 

04^, I hUE»*ig» . 2\tl/A 

r»jT3 — 3J4V-H^^:^r3-:^TftO. 
^cODRAMli^TTHU:^fi^«:5b'-/ hTflliat 

•r i L <or ft • 
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y - ^ h'Z&ft±mS^ 1 i± . nMOS4. ay 

y^s ^ ^ - 'Jr ^ e Bit/ ^ 

a^'TVtSIl, n M 6 s t: J: -5 T 

tc«fiK$ii, -€-0 y-;^ 3 y r 5 (7) — fistc 

tcJiSSUEiC ^T^-i^ J: o Ktm I »J-fe«/ h ft ^ RES, 
A< (ft 1^ $ S . 



^'-KNi tO«jE**.1.5 Vcc[V] a^irSJi 

(3) l/4r>;-rrj-r2^0fllfi£ 

l/4r'Jxa-:^^2<ipf-^;twUfg»y-.j. 

10, nMOSll. 12. 13. 14. I S BL 

18(C»«$ii,^tOKU^>^nMOSl 
KW^V-fcr^K^/tTV^i. tt:. nMOSl 1 
'JOy-j^iinMOS 1 2<7)}:i.^yizm^^it^ 

nMOS 1 2i^y-xmgitfr$^irv^i. 
'Sr^i . P M O S 1 0 cor- h tcti . gpcua E 



«Ra¥ 3-86995 (3) 
<2) T'-^x h «E»^(g» 1 dottf^ 

«>icoT, ^ y T yv 5 commua^^iiLO [v] 

t $ ^IT $ , 1 , m 1 »; -fe -y h fS^RESWl/N 

nM0S4OKU-f>'fc, a^'-rJ'IfSo — 33^ 

Vcc- V t„ [ V ] T -5 . 

® 'eoa,T=t,-C, R A S < row address 

strobe) fi-f*«a — "L" iZ^ h t . ^ 

^raaS LT T = t 3 »l U -b y h ft-^RESj 

*«a-UA;,p - L- tc^^. ClO^H. nMOS 

1^ 5 offissg«i«ifii2fit 0 [V] ttt^^rs. 

Vcc- V [ V ] Sritff Lr -5 . 



i /v: . n M O S I 1 RX/ I 20r-h(c{i. 

}^ uxm^Ai Sit/ A2 i3^X:h^ti^ , 

PMOS10c7)KU>fVi: nMOSl 1 
<^ ^ ^ y t <Om^^^ ( l^JiT ^ y-KNa iil^ 

1 7oaj^ia^iSttXnMOS 1 5oy-ht3^^ 

>f>>N--:^i7oA^3a^ii»fii$n. ^<omn 

'PAil^AT. y-KN, i:V^3)linMOS13 
«^KU^yC|$^$fl, nMOSlBcoy— 
nMOS 1 4coy-h(C^$^$^^.xv^-S. 

i . n MO S14U, -ecOHU-fV^ry-H 
Ni -^Oy-X^nMOSlScOK 
U^VtClgiK$iXTV>i.i;K, nMOSl 5 ti 
-eoy-X5r»ift$fiTV^i. 

<4) l/4r'jTa-r20firf^ 

(D ir.T-t,r<i.»2»;-fe^h n^REs, 
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pMOS10Ji^V«IB, nMOS 

y-KNa OiKEiiVccCV] , y-HN, at^ 
y--HN4 <OlilEH^(iO [V] (cStv-CisO, 
n MO S 1 4 7«JB i: S & . fl5^. n 

O^tEiiO [V] tc^KTVA^. 

(2) 'e<Ot* . T = t 1 v^r , IS 2 y -fe -/ h ft 

4/ - H" iZ^ h t . pMOSl 0J±:t7tt)B, n 

Mosii, I 2{±^y^lQ^izK^i» . z<omSk. 
y-HN, OIKEWO [V] . y-HN, outff 
liVcc [ V] . y-HN4 «0«EI± Vcc- Vtfc 
C V 1 i:,3fi: 0 • n M O S 1 4 ^tyty^f&t Kt h . 
flS:^. n MO s 1 sa. ?: 0 [ V] 

{± . Vcc- 2 V th C V 1 tKci> . 



tt:. nMOS20, 21. 22<oy-hiZi±^ 

^ti-^ftmimM. otw^-rji'D't^^-f*^ 

^V. frTKUXm-tA, , A4 , A, 

pMOS19<OHU>fXfcnMOS20 
O H U ^ V t < lUT, y-HN6_i:V^ 

•3) -:^26iOA:^«^. -fV^'?-^^ 

2 7coai:;j5a^aiXnMos 2 soy-htctg^ 

$ttrv>^». -< V-A-:^ 2 6 c?Dai:^5g^ i: 

{ tUT,.y - HN7tVO)«±nMOS23 
<0 K U $ it, nM0S2 3OV-;^ll 
nM0S24Oy-htC»«$firv^4. 

in:. nMOS24(i. 'f-<OHU'f:^^y-H 
Ns ll»tt$tL, 't<;3y-A«rnMOS25cOK 
U V $ KTA^ ^» • ttz. nMOS25Ji 

-^oy-xs-mtftSiiTv^^^. i^::, nMOS 

2 4<0y->ti:nMOS25i7)KU>f:^fc<OlS« 
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y-HNi con Em. 5 Vcc[v] tc^i, c <^ 

ISA. y - H N4 <0«E«n MO S 1 4 <7>y- h 

1.5 Vcc [ V ] JSlJiC^r & . Lni^^X . y - H 
N» «0«E«il.5 Vcc[V] tC±fl^T&. 

(5) '7 — H -?< V T 3 - ^ 3 COfll^ 

7~K-X>fy-f3-:J^3(l. PM0S19. n 
MOS20, 2 1. 22. 23. 24. 2 5 AX/ 
^ Z^/<-S 2 6 ^ 275:lft(tT « $ tl. T v> . 

ddic. pMosi9ii, -toy-xe«iHtt 

2 8^C«ttSfl, ^<0HU^V^nMOS20O 

H w>f yK:»as*irv%i. i^::. nMos20 

<0y-X«inMOS2 lOKU'f^fcllggeStl. 
nMOS2 10y-;:^«±nMOS2 2^HV>f>' 

tc}g«$<i. nMos2 2<oy->^<±»tftS*ir 

pMOSi9coy-htc:li.mi4iaLtc; 



(6) 7- K;< >f ^-fn-^r 3 Ol&f^ 

0 1 T . T = t I Tii . m 3 y -b y h (i^RES, 

at^r K A, . A4 . A, Jla-U^/U 

-L" CC*>^<?)T'. P MO S 1 9«4:t>^«». n 
MOS20. 21. 22<4 3r7«HSi:^roTV^S. 
ccoi^a. y-KN6 ontEiiVcc C V 3 , y- 

hnt at/y-KNft o«EJio [v] t^fir 

JpO. nM0S24li5r7l^ffit$tVTV>^.ffii 
nMOS25ti. -5-^oy-h1SE$rVcc[V] 

t n: 3&< o T . T = t 1 i> v% r ii . -7 - H »R 
WLo OICEilO [V] fc$nTV^^». 
® -?-<0tt.T="ts-C.SB3U-t'yhfI# RES, 
at^1?TKUX«^A, . A4 . A, t^J\^ 
;U - H" tc^rii:. pMOS19ii^7«.«R. n 
MOS20. 21. 22{4^>'*^SStC^«» - Z CO 
y~HN6 <7D«EtiO [V] . y-HN7 

VthCV] t^O. nMOS24 ti ;t «»B i: 
mil . nMOS25«±. -toy-h «E«r 0 
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y - K N, o^Ea i.svcc [ V ] & . 

cots. nMOS240y~h- KU>fy|3J5 
WLo K5Vcc[V] 

(7) mnmvt^mti^^'r 

t^t- hmi^m^^m <o-d r a m ^ t «i : y 
-HN4 , Ns o^Eli. 1.5 VccCV] ]:A±iz 
±»LTLidOT, nMOSl4. 24coy- 
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fig3fe<y) D R A MiOffiigog^ 

D R AM*<tS3K$^rv^i. ^rfe. co;Bi6ia« 
at/i/^4ryT3~:^2 9<o;»;^^i2ttL. "7- 

(1) l>y4ryr3-:r29c0U|« 

l/4ryT3-:r2-9<ipMOS3 0, 3 1. 
32. nMOS33. 34, 35. 36. 37, 



C C t;: . m 2 y -fe -/ h m-^RES^JimiTE! E tC-TK 
-r ^ $ y ^Tftl^ ? n . n M O S 3 3 3 7 

1 atXSB 2 coA^m^CA:^ $ns . ttz. 
HiHi»38<?>»3<oA:*3ag^J4f-^-5^-r-yrii 

^ Tt: , -^ V K (Hi » 3 8 O ffi fig ^ {i y yx' - ^ 

^>'>'>'-:J'39coaj:;3Sg^{inMOS3 5 
^t:. PMOS30. 31, 3 2li^ -r^X ^ 
PMOS30, 3 1. 32 <i. N'>X/U{*JB«$ 
T e . 

ifZ. PMOS30<OKU>f>'J4nMOS33 



at;^3 40KV>f Ch.*>nMOS 

3 3ai^3 4 <oy-j^<i»tft$irr»r>&. tti^ 

pMOS30cOKU>f>'tnMOS3 3& t;C34 

3) JipMos3 lcoy-^tc^fe5^$fITv^-^>, 

i/t:. PMOS3lOKlx.^>'iinMOS35 

^ia$*lTV%-6. C*t.^pMOS3 1<7)HU>fv 
t nMOS3 50KU^ (l:iT. 
y " K N,,i: ) «4p MO S 3 0 . 3 2 aiX n 
M O S 3 6 ^y- hfzmM^ tLX . 

t t: ^ pMOS32iOHl^-f>'iinMOS36 
OKt'^VtCifK^tl, nMOS3 6<^y-;^t± 
Ififi^flTV^S, CfL^>pMOS32^0KU><>' 

nM0S36OHU>f>'i:O»e?4'j^C (tlT. 
y-KNistV>3 ) {inMOS3 70KU^ r^Jt 
t^7-Hy>f yy^a-^r (H^^^r) (ClSiBiStt 
T ir^ 4 . 
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(2) 1 / 4T«Jxn-r2 90«Jf^ 

(D m l7Ca (Ci^V^T, T«tt Tli. y-HN| 

i , T = t t rii, » 2 y -t h fl-^RESaii 

3 7 li^r v«ss t $ ftr i . i^. THUj^^i 

Ol^Elio- U^/U-L" fc^rO. nMOS34 
\±^>^m. nMOS35{i?r7«?Bi:$ix'CV^ 

X-KNi2a^N>fW'<./U "H - fc^irO. PMOS 
31. nMOS36(±3r>'ttS5, pMOS30. 
3 2ii5r7«3Si:$<i'CV^&. 

li 0 [ V ] fc: $ :h.T vt^ . 

(2) -C-^OI^fc. T«t,T.m2y'b.yhfi^ RESa 
ijfin U^/U "L" i:^:^>i:. nMOS33. 



" L " , y - K N lo*«''^ ^ U ^/U " H • d ^ 0 , 
nMOS343&<5r74i^lB, nMOS3 5**3tv4/^ 

• H ■ , y - K N lali o-K;W "L" t^O . 
PMOS31, nMOS363Cr«;t7«ffi, pMO 
S 3 0 . 3 2ifi:^y^1&tti: . 

<il.5 Vcc [ V ] (c:±#-f & . 

(3) mi60€£3l^WOfgjSL 

^ m 160^16* WO D R A M tC V^r ti . ^ 
jSy- b «r^:r P MO S 3 2 i7>y- h (Cli. EO ^ 
y - H N lately- X h«EUl±^0«ff«iQJJn$ 

tt:. H N ,,0^«^tC^(t S y- H N t . 

Nil, Nia. N laOUESrlfctt'^-S i: . ^ISEIfc: 



ff*«0 [V] i:^^,^*^, pMOS32oy~h 
KNi iOr-xhlSE, fipqitil.S Vcc[V] t 
^> S . 

L**t=i:*^^, 7!)*3!f*Smi6(2(2^3ft0l|cODRAM 
U T , 3^ 1 y -fe h ^RESi ^ O - 

"H - IZ-t ^tiib . y — HN, iO^E^r 

i^, y- K N y -fc ^ ^iS'&tiii. i 

t L. y-HNiO«E^l.5 Vcc*»A>TH$1i- 
ift'&c: J: o V sstCiS < i -CTR L • 

y - K N iaO/N-< V^/P - H- ?rT^^tLTL 
i 5 . v^ T 35 1 y -fc: -v h ft ^ RES 1 A <b ± ^ 
w t tc J: ») . y-KNi V cc- V ^ 0 , y 



— K N ,2**^^^:^N >f K/l' -H" ^ r P M 
OS3 25:7r7«?B. n M O S 3 6 i: :t y t 
L, y - K N ,,S:i3c«-r ^> C tc^Cc 5. . ^ co tf> , 

(i. y~H Ni o«£E«:r-xh -r-i ift a Iff y 

/::pMOS«:e5Sy-hi:LTr-Xh1SJE^^£ 
C t: 5: a W t r S . 
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JV ^ZB^^ i^tzp MO S t i: ^SLlf . witd.y - X h 

I? Er-X h«E«rl?l£pMOS^g5&y-hi: 
L.-Cfrsr-X h'«E^!fiM!i:r*l3a*c(5jS-f 
5 J: 9 U:t/:!t<0"Cft^. 

4 1J±pMOS, 42(ir-Xh E $: S 

>'U3yS«4 3^J&ric$iin:N»>X/l/44;cP* 
tfi:fik«> ^> 5: ^1 V 4 S RX/ H U >f V 4 6 ^ li 

48fc:liSd«fIfSc,*«^»^$fi$. 

X h ^ E V Bo« . V - X 4 5 iz^ $ fL 4 C cc 

J:oTy-Xh«EVBo5ri^5i:fai5l»4 2U: 



tfra ¥3-86095 (7) 

ffijfiSii^i. 4^, r-xh«Ev.oa. N'>x 
rt/44tCJB«$ftn:N* tt;ttia4 9i&/^L-CN'> 
xyP4 4 CC^'xM r X«E t LT^I^$ll6 . 

[ f^ffl ] . 

*<»^-rs^«W'S:y-xh«EV»o«:pMOS 

4 i<o-:jrottiw«a«. mtii. v-x45ti 

ftl^-r Si: 3 Jc=fi:$iT-r v^icor. pMOS41 

<oy-x4,5 fciftasttfcei&aL 1 li . «tcr 
-X h^Ev.otcjt^^/tr . Bnf=>, muia 

pMOS4 1<0y-XtClSa$h.^^j&KLi 
r-X MIEVsotClf U±{f 4^2'S3&<'5:v^. Lfj 
t(^->X ^ y-X ^«EVso$^'i^S^:"^■-6^sl»4 2 

re ft -r ^ « ^ (c ^ 131 w a S ;&« ^ t ^: V > . 

4fc, r-x h«EVBo^^^^5li: r 5 0»4 2 
lC«a3fI^e5^i»La , ED^. pM0S4 1O 

y-x(c»«$fL>:rei&» L , co«e^& 



KIT. m20iv^L3ll2ia^l^ff«Lr . *%B3 

IK20li*aHgcoi51|^tt[ff«<5OSS5^7n-ris]S!§ 

r-X h15E»5felH!» 5 0 , 1 /4 r V -f 

5 l^tt/f7-K^>f>'x3-^52«rSft(t-Cfllfi£ 

tcfUfi^ $ fir V^«» . 



(1) r-x h «E»^lHlf& 5 0 cofl|j« 

53, a:^7^>'^f54at^nMOS5 5.. 56^ 

58, 59^y>^«tci$eiur«fi£$tL. >fy 
/<-^59oaj:^fia^5r3>'x:^ir540 — Jgfc: 
ft^^-ltrv^S. ^coay7':^^54«inMOS 

<OV-X&t^nMOS 5 6i?5KU-< ViRlXy-h. 

^fZ . nMOS55coy--hS.l/HU>fi^{i1l 
iSa60iC»^§ivTv^-S. i;r^, nMOS56 

«oy-x<ir-x>«Ea3:^fla^6 

(2) r-X h «EI%^I3» 5 0 (Ofilf^ 

y - K N , 4tC «i , n M O S 5 5 tC i o T V cc - 

5 3/)*A>U»fi;iE)i>«il5:ft$iX, y-KN|,0« 
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S U . m 3 (2 A -r i: 9 l» . 

0 B tCiF-r J: 5 fc:=Qr 0 , C <0«E*< n M O S 5 6 
ecu:, cco«EJia:^M!<o§Au: -t -J/C/FW^ 

1,5 V cc[v] tKthXol^zziyy'y^S^i^^ 
ft ^ $ it "C & . 

(3) 1 /4 r y x a-r 5 1 «o«rit 

l/47'Ur3-^5 1(i:pMOS 6 2. 63. 
64. nMOS65. 66, 6 7 . 68. ■^>'H 
a»6 92a.lf-< yj^-ir 7 0^ift«tT«fi£$<xT 

C C . ^ 2 U -b -y h ft ^ RES^ti ^ 4 12 B ^ 



i;^.pMOS63^^HV>f>'(inMOS67 
<0\i U ^ yizmWL^tl. nMOS6 7<7)y->tli 

V^ -5 . i n ^> P M O S 6 3 O H U 
tnM0S67C0KU>fVi:O««ll*^ ( KIT . 
y-HNlThV^■5)^^ PMOS62. 64, n 

Mos68coy-hc«^$ft r VI ^ ; 

t tz . pMOS64C0h-l^-fXlinMOS68 
tfOKU'^>'Ctfft$fl. nMOS6 8«0y-X«i 

(4) l/4T>J-r3-^5 1<Oiftf^ 

® i-f,3^40tCfeV^T.T«tit2t5V^Tii. 

Sf5 2 y -t h fi^RESaJi^N^ "H ' . 

T V^ 2> . c'cO^a. nMOS65. 6e\i:^y^ 
/ - K N iftii 0 IV ] tKc n . PMOS63 
»i:1->':ti^?5h$tt^). iJ'c. nMOS67ii:t7 
i^KS^t Kc h<^'r: . y-HNiTU l.5Vcc[V] k 
55cO. PMOS62. 64 H5r7«JB. nMOS 
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tCA^^^-S. 'ffTHU;^fS^Ai . Aa 

iiiB4 0ctz7^r^^5>'^^'ce^i^$*t. -tit-f 
^I-^>'H0»69<omlacfS52<oA:^«a^pfc:x 

7 0<0A^«i^at^nMOS 6 6<oy~ htC^ft 

iy::. -<>'M'-:^'70<oai:ftJ38^-i± 

ttz. pMOS62. 63. 64coy— -^li, 

^6 1tC»«$*tT:v^S. ^il^pMOS62. 
6 3, 6 4JiN'>X;HC?SEfcSnTfe 0 . C <0 N 

± ^ , P MO S62^KU>fylinMOS6 5 

i^. pM0S62OHU-f>'i:, nMOS65 
6 6 O K :^ i: < , ^-K 

Ni6i:V^3) lipMOS630y-ht=««[$n 



It . pM0S64OHU'<:^i:nM0S68OH 

col5Eii.O[V]tc$*t.TV%$. 

® ^<^a, ^40Ak:^"rJ:'3tc R A s y>« a - 

rSitk. m 2 V h RESa n - K ;U - L " 

tw'Sro. 5gcav%r, ffrKu;xfi^A, . a, 

C<7)eS. n M O S 6 5 at/ 6 6 3&«:r 7 «HSi . 
nMOS67*«3^i^«tJi5fc^:0. y-HN uifi 0 
[V]C^->r. pMOS6 25r5f:^^i|Rt-ri. 

nMOS68*«5r7^J0li:^:&. 

i^. pMOS64 3&<:tV«S. nMOS68 
*«5r:7«^nRi:':i:i<OT. y-HNisii. 1.5 V cc 

[ V ] tc±^-r i . 

(D i3t.rOtJk.m2i;H:^b #RESa)t>WN >f 
U'^/U - H- . ftTHUXfi^Ai , Aa *«a- 
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SPECinCATION 
1. TITLE OF THE INVENTION 

SEMICONDUCTOR MEMORY DEVICE 



2. WHAT IS CLAIMED IS: 

1 . A semiconductor memory device characterized by comprising: 

a boost voltage generation circuit for generating a stationary boost voltage; 
a (p) channel insulation gate type of field effect transistor formed in an N well; 

and 

said boost voltage generated by said boost voltage generation circuit beiiig 
suppUed to said N well as a bias voltage and simultaneously said boost voltage is 
transmitted, through said (p) channel insulation gate type of field effect transistor as a 
transmission gate, to a circuit needing said boost voltage. 

2. A semiconductor memory device characterized by comprising: - 

a (p) channel insulation gate type of field effect transistor formed in an N well; 

a boost voltage generation circuit for generating a stationary boost voltage; 

a boost voltage detection circuit for outputting a first detection signal when said 
boost voltage outputted from said boost voltage generation circuit has gone down to a 
first predetermined voltage value, and outputting a second detection signal when said 
boost voltage has gone up to a second predetermined voltage value higher than said first 
predetermined voltage value; 

a boost voltage generation control circuit for so controlling said boost voltage 
generation circuit as to increase said boost voltage in response to said first detection 
signal outputted from said boost voltage detection circuit, and as to decrease said boost 
voltage in response to said second detection signal outputted from said boost voltage 
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detection circuit; and 

said boost voltage generated by said boost voltage generation circuit being 
supplied to said N well as a bias voltage and simultaneously being transmitted, through 
said (p) channel insulation gate type of field effect transistor as a transmission gate, to a 
circuit needing said boost voltage, 

3. DETAILED DESCRIPTION OF THE INVENTION 

[CONTENTS] 

Summary 

Industrial field of the Invention 
Prior art 

An example of conventional DRAM (Figs. 13 to 15) 

Another example of conventional DRAM (Figs. 16 to 18) 
Problems to be solved by the Invention 
Means for solving the problems (Fig. 1) 
Effects 
Embodiments 

First embodiment (Figs. 2 to 4) 

Second embodiment (Fig. 5) 

Third embodiment (Figs. 6 and 7) 

Fourth embodiment (Fig. 8) 

Fifth embodiment (Fig. 9) 

Sixth embodiment (Fig. 10) 

Seventh embodiment (Figs. 11 and 12) 

Others 
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EFFECTS OF THE INVENTION 
[SUMMARY] 

The present invention relates to a semiconductor memory device such as 
dynamic random access memory, 

has an object of maintaining the advantage of transmitting a boost voltage 
through a pMOS formed m an N well as a transmission gate, and also contriving the high 
speed operation by reducing the time required for the charge/discharge of the boost 
voltage transmission path, and 

comprises a boost voltage generation circuit for generating a stationary boost 
voltage; a (p) channel insulation gate type of field effect transistor formed in the N well; 
and the boost voltage generated by the boost voltage generation circuit is supplied to the 
N well as a bias voltage and simultaneously the boost voltage is transmitted, through the 
(p) channel insulation gate type of field effect transistor as a transmission gate, to a circuit 
needing the boost voltage. 

[INDUSTRIAL HELD OF THE INVENTION] 

The present invention relates to a semiconductor memory device such as 
dynamic random access memory (hereinafter referred to as DRAM). 

In DRAM, a memory cell is generally composed of a capacitor for accumulating 
electric charge and an (n) channel insulation gate type of field effect transistor (hereinafter 
referred to as nMOS) for controlling the input/output of the charge. In such DRAM, 
when charge is accumulated in the capacitor during the data writing (when logical "1" is 
stored"), a bit line is supplied with a power-supply voltage Vcc[V] whereas a word line is 
supplied with a so-called boost voltage of,, for example, 1.5Vcc[V] higher than the 
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power-supply voltage Vcc[V]. The reason for this is as follows. 

If the word line is supplied with the same amount of power-supply voltage 
Vcc[V] as the bit line, then the voltage to be supplied to the capacitor becomes Vcc - 
Vth[V] (Vih is a threshold voltage of the nMOS for controlling the input/output of charge), 
which reduces the amount of charge to be accumulated in the capacitor. This causes a 
problem that a cycle of a refreshing operation must be repeated in short intervals. 
Although the charge amount to be accumulated can be increased by expanding the area of 
the capacitor, this makes it impossible to realize high integration. For this reason, such 
DRAM allows the power-supply voltage Vcc[V] to be supplied to the capacitor by setting 
the voltage for activating the word line, namely, the word line drive voltage to the above- 
mentioned boost voltage of, for example, l,5Vcc[V], thereby to increase the charge 
amount to be accumulated. 

[PRIOR ART] 

An example of conventional DRAM 

Figs. 13 and 14 show the main part circuit and the time chart, respectively, of 
conventional DRAM which supplies a word line with a boost voltage. 

In Fig. 13, 1 represents a boost voltage generation circuit, 2 represents 1/4 
predecoder, and 3 represents a word main decoder. In this DRAM, a line address signal 
consists of 5 bits. 

(1) Structure of the boost voltage generation circuit 1 

The boost voltage generation circuit 1 is composed of an nM0S4, a capacitor 5, 
a charge up signal input terminal 6, and inverters 7, 8. The capacitor 5 is composed of 
an nMOS. 
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The nMOS 4 is connected with a power-supply line 9 and one end of the 
capacitor 5 by the drain and the source, respectively. The gate of the nMOS 4 is 
supplied with a first reset signal RESi of C shown in Fig. 14. 

. The charge up signal input terminal 6 is connected with the input terminal of the 
inverter 7, the output terminal of the inverter 7 is connected with the input terminal of the 
inverter 8, and the output terminal of the inverter 8 is connected with the other end of the 
capacitor 5. The charge up signal input terminal 6 is supplied with a charge up signal 
CU of B shown in Fig. 14. 

(2) Operation of the boost voltage generation circuit 1 

® In Fig. 14, at T = ti, the charge up signal CU is in the state of low level "L", so that 
the other end of the capacitor 5 has the ground voltage 0[y], Since the first reset signal 
RESi is in the high level "H", the nMOS 4 is in the "on" state. Consequently, at T = ti, 
the voltage at the coimection middle point (hereinafter referred to as node Ni) between 
the drain of the nM0S4 and one end of the capacitor 5 is Vcc - Vth [V]. 
(D Later, when RAS (row address strobe) signal becomes the low Jevel "L" at T = ti, a 
predetermined time lag is caused. At T = ta, the first reset signal RESi becomes the low 
level "L". As a result, the nMOS 4 raters the "off" state, but the charge up signal CU is 
in the low level "L", so that the other end of the capacitor 5 maintains the ground voltage 
0[V]. 

Therefore, at T = ta, the potential of the node Ni remains Vcc - Vih[V]. 
(D Later, at T = t4, the charge up signal CU becomes the high level "H", and in response 
to this, the other end of the capacitor 5 is supplied with the power-supply voltage Vcc[V]. 
Consequently, the capacitor 5 is charged up and the voltage of one of its ends, namely, 
the node Ni is boosted. In the present embodiment, the capacity of the capacitor 5 is so 



decided as to make the voltage of the node Ni 1.5Vcc[V]. 

(3) Structure of the 1/4 predecoder 2 

The 1/4 predecoder 2 is composed of a (p) channel insulation gate type of field 
effect transistor (hereinafter referred to as pMOS) 10, nMOSs 11, 12, 13, 14, 15 and 
inverters 16, 17. 

The pMOS 10 is connected with the power-supply line 18 and the drain of the 
nMOS 1 1 by the source and the drain, respectively. The source of the nMOS 1 1 is 
connected with the drain of the nMOS 12, and the source of the nMOS 12 is connected to 
the ground. 

To the gate of the nMOS. 10, the second reset signal RES2 of E shown in Fig. 14 
is inputted. 

To the gates of the nMOSs 11, 12, the line address signals Ai, A2 are entered at 
the timing of F, G, respectively, shown in Fig. 14. 

The connection middle point (hereinafter referred to as node N2) between the 
drain of the pNlOS 10 and the drain of the nMOS 11 is connected to the input terminal of 
the inverter 16, the output terminal of the inverter 17, and the gate of the nMOS 15. 
The output terminal of the inverter 16 and the input terminal of the inverter 17 are 
' connected with each other and their connection middle point (hereinafter referred to as 
node N3) is connected with the drain of the nMOS 13, and the source of the nMOS 13 is 
connected with the gate of the nMOS 14. 

The nMOS 14 is connected with the node Ni and the drain of the nMOS 15 by 
the drain and the source, respectively. The source of the nMOS 15 is connected to the 
ground. 
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(4) Operation of the 1/4 predecoder 

(D First, at T = ti, the second reset signal RES2 and the address signals Ai, A2 are in the 
low level "L", so that the pMOS 10 is in the "on" state and the nMOSs 11 and 12 are in 
the "ofP' state. Consequently, the voltage of the node N2 is made Vcc[V], those of the 
nodes N3, N4 are both made 0[V], and the nMOS 14 is in the "off' state. On the other 
hand, the nMOS 15 is in the "on" state because its gate voltage is made Vcc[V]. 

Thus, at T = ti, the vohage of the node N5 is made 0[V]. 
(D Later, when the second reset signal RES2 and the line address signals Ax, A2 become 
the high level "H" at T = h, the pMOS 10 enters the "off" state whereas the nMOSs 11, 
12 enter the "on" state. Consequently, the voltages of the nodes N2, N3, N4 become 
0[V], Vcc[V], and Vcc - V,h [V], respectively, and the nMOS 14 enters the "on" state. 
On the other hand, the nMOS 15 enters the "off' state because its gate voltage is made 
0[V]. 

Consequently, after T = ts, the voltage of the node N5 becomes Vcc - 2V,h[V]. 
d) Later at T = t4, the voltage of the node Ni becomes 1.5Vcc[V] as mentioned above. 
As a result, the voltage of the node N4 is boosted by the parasitic capacity between the 
gate and the drain of the nMOS 14 to be 1.5Vcc[V] or higher. Consequently, the voltage 
of the node N5 goes up to 1.5Vcc[V]. 

(5) Structure of the word main decoder 3 

The word main decoder 3 is composed of a pMOS 19, nMOSs 20, 21, 22, 23, 
24, 25, and inverters 26, 27. 

The pMOS 19 is connected with the power-supply line 28 and the drain of the 
nMOS 20 by the source and the drain, respectively. The source of the nMOS 20 is 
connected with the drain of the nMOS 21, the source of the nMOS 21 is connected with 
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the drain of the nMOS 22, and the source of the nMOS 22 is connected to the ground. 

To the gate of the pMOS 19, the third reset signal RES3 of L shown in Fig. 14 is 
inputted. To the gates of the nMOSs 20, 21, 22, the line address signals A3, A4, A5 are 
inputted at the timing of M, N, 6 shown m Figs, 14. 

The connection middle point (heremafter referred to as node Ne) between the 
drain of the pMOS 19 and the drain of the nMOS 20 is connected to the input terminal of 
the inverter 26, the output terminal of the inverter 27, and the gate of the nMOS 25. 
The output terminal of the inverter 26 and the input terminal of the inverter 27 are 
connected with each other, and their connection middle point (hereinafter referred to as 
node N7) is connected with the drain of the nMOS 23 whose source is connected with the 
gate of the nMOS 24. 

The nMOS 24 is connected with the node N5 and the drain of the nMOS 25 by 
the drain and the source, respectively. The source of the nMOS 25 is connected to the 
ground. The connection middle point between the source of the nMOS 24 and the drain 
of the nMOS 25 is connected with the word line WLq. 

(6) Operation of the word main decoder 3 

® First, at T = ti, the third reset signal RES3 and the address signals A3, A4, A5 are in 
the low level "L", so that the pMOS 19 is in the "on" state and the nMOSs 20, 21, 22 are 
in the "off* state. Consequently, the voltage of the node is made Vcc[V], those of the 
nodes N7 and Ng are both made 0[V], and the nMOS 24 is put in the "off' state. On the 
other hand, the nMOS 25 is in the "on" state because its gate voltage is made Vcc[V]. 

Thus, at T = ti, the voltage of the word line WLo is made 0[V]. 
(D Later, when the third reset signal RES3 and the line address signals A3 ,A4, A5 enter 
the high level "H" at T = t3, the pMOS 19 enters the "off state whereas the nMOSs 20, 
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21, 22 enter the "on" state.. Consequently, the voltages of the nodes Ne, N7, Ns become 
0[V], Vcc[V], and Vcc - Vih [V], respectively, and the nMOS 24 enters the "on" state. 
On the other hand, the nMOS 25 enters the "off* state because its gate voltage is made 
0[V]. 

Consequently, after T = ta, the voltage of the word line WLo becomes Vcc 

Vth[V]. ■ ' . 

® Later at T = t4, the voltage of the node N5 goes up to 1.5Vcc[V] as mentioned above. 
At this moment, the voltage of the node Ng is boosted by the capacity between the gate 
and the drain of the nMOS 24 to become 1.5Vcc[V] or higher. Consequently, the 
voltage of the word line WLo becomes 1.5Vcc[V] to be activated. 

(7) Problems of the conventional example shown in Fig. 13 

In the conventional DRAM shown in Fig. 13, the voltages of nodes N4, Ng go up 
to 1.5Vcc[V] or higher. This deteriorates the pressure resistance, namely, the reliability 
of the gate oxidation fibns of the nMOSs 14, 24, especially when an acceleration test is 
conducted. 

The conventional DRAM has another probleni. A comparison of the voltage of 
the node N4 and the voltage of the node N5 during the charge of the node N5 indicates 
that as shown in the waveform of Fig. 15, the gate-source voltage Vgs between the gate 
and the source of the nMOS 14 decreases as the charge of the node N5 proceeds. This 
diminishes the overdrive, requiring more time for the charge, thereby to decrease the 
current driving force, and further, makes it impossible to contrive the high speed 
operation. The same holds true for the nMOS 24. 

ANOTHER EXAMPLE OF CONVENTIONAL DRAM 



9 



In order to solve the problems that the conventional example shown in Fig, 13 
has, DRAM whose main part circuit and time chart are shown in Figs. 16 and 17, 
respectively, has been proposed. Fig. 16 shows only the boost voltage generation circuit 
1 and the 1/4 predecoder 29 as the main part and not the word main decoder. 

(1) Structure of 1/4 predecoder 29 

The 1/4 predecoder 29 is composed of pMOSs 30, 31, 32, nMOSs 33, 34, 35, 
36, 37, a NAND circuit 38, and an inverter 39, 

The second reset signal RES2 is supplied at the timing of E shown in Fig. 17 and 
inputted to the gates of nMOSs 33, 37. The line address signals Ai, A2 are supplied at 
the timing of F, G shown in Figs. 17 and inputted respectively to the fcst and second 
input terminals of the NAND circuit 38. The third input terminal of the NAND circuit 
38 is cormected with the charge up signal input terminal 6. 

The output terminal of the NAND circuit 38 is connected with the input terminal 
of the inverter 39 and the gate of the nMOS 34 whereas the output terminal of the 
inverter 39 is connected with the gate of the nMOS 35. 

The sources of the pMOSs 30, 31, 32 are all connected with the node Ni, The 
pMOSs 30, 31, 32 are formed in the N well which is also connected with the node Ni. 

The drain of the pMOS 30 is connected with the drains of nMOSs 33, 34, and 
the sources of the nMOSs 33, 34 are connected to the ground. The connection middle 
point (hereinafter referred to as node Nn) between the drain of the pMOS 30 and the 
drains of the nMOSs 33, 34 are cormected with the gate of pM0S .31. 

The drain of the pMOS 31 is connected with the drain of the nMOS 35, whose 
source is connected to the ground. The connection middle pomt (hereinafter referred to 
as node Nn) between the drain of the pMOS 31 and the drain of the nMOS 35 is 
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connected with the gates of pMOSs 30, 32, and the nMOS 36, 

The drain of the pMOS 32 is connected with the drain of the nMOS 36 and the 
source of the nMOS 36 is connected to the ground. The connection middle point 
(hereinafter referred to as node Nn) between the drain of the pMOS 32 and the drain of 
the nMOS 36 is connected with the drain of the nMOS 37 and the word main decoder 
(not shown). 

(2) Operation of 1/4 predecoder 29 

® In Fig. 17, at T = tj, the voltage of the node Ni is Vcc - Vih[V] just like the 
conventional example shown in Fig. 13. 

At T = ti, the second reset signal RES2 is in the high level "H", so that the 
nMOSs 33, 37 are in the "on" state. Since the address signals Ai, A2 are in the low level 
"L", the voltages of the nodes N9, Nio become the high level "H" and the low level "L", 
respectively, and the nMOSs 34, 35 are in the "on" state and the "off' state, respectively. 
Consequently, the nodes Nn, N12 become the low level "L" and the high level "H", 
respectively, and the pMOS 31 and the nMOS 36 are in the "on" state whereas the 
pMOSs 30, 32 are in the "off" state. 

Thus, at T = ti, the voltage of the node Nn is made 0[V]. 
(D Later, when the second reset signal RES2 becomes the low level "L" at T = ta, the 
nMOSs 33, 37 enter the "off" state. The address signals Ai, A2 become the high level 
"H" immediately. Furthermore, when the charge up signal CU becomes the high level 
"L" at T = t4, the nodes N9, Nio become the low level "L" and the high level "H", 
respectively, and the nMOSs 34, 35 enter the "off" state and the "on" state, respectively. 
Consequently, the nodes Nu, Nu become the high level "H" and the low level "L", 
respectively, and the pMOS 31 and the nMOS 36 enter the "off" state whereas the 
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pMOSs 30, 32 enter the "on" state. 

Therefore, after T = t4, the voltage of the node Ni3 goes up to 1.5Vcc[V]. 

(3) Advantages of the conventional example shown in Fig. 16 

In the conventional DRAM shown in Fig. 16, the gate of pMOS 32, namely node 
Ni2, which functions as a transmission gate, is not supplied with a voltage higher than the 
boost voltage, so that the reliability can be improved. 

A comparison of the voltages of the nodes Ni, Nn, N^, Nn during the charge of 
the node Nu indicates that the voltage of the node Nn becomes 0[V] during the charge as 
shown in the waveform of Fig. 18, so that the gate-source voltage Vgs between the gate 
and the source of the pMOS 32 becomes the boost voltage of the node Ni, for example, 
1.5Vcc[V] at the final stage of the charge. This brings about the advantage of large 
overdrive. 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

However, in the conventional DRAM shown in Fig. 16, the charge up signal CU 
is put in the high level "H" after. the first reset signal RESi is. put in the low level "L", 
which causes a time lag when the voltage of the node Ni is boosted. 

When the node Nu is reset, the charge up signal CU is put in the low level "L" 
and the voltage of the node Ni is decreased from l.SVcc- However, in some cases, the 
voltage drops close to Vss, making the high level "H" of the node N^ unstable. The 
immediate rising of the first reset signal RESi causes the node Ni to have Vcc - V,h and the 
node Ni2 to be in a stable high level "H", putting the pMOS 32 and the nMOS 36 in the 
"off* state and the "on" state, respectively, thereby to discharge the node Ni3. As a 
resuh, the reset has a time lag. 
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Thus, in the conventional DRAM shown in Fig. 16, the time lag caused when the 
voltage of the node Ni is boosted and when the node N13 is reset has prevented the 
realization of the high speed operation. 

Furthermore, in the case of a boost system synchronized with a signal like the 
conventional example shown in Fig. 16, a non-synchronous signal such as an address in a 
static column mode which is one of the functions of DRAM cannot have the time to 
charge the boost capacity. This causes a problem that the boost voltage is decreased. 

In view of these points, the object of the present invention is to provide a 
semiconductor memory device which maintains the advantage of transmitting a. boost 
voltage through a pMOS formed in an N well as a transmission gate and also realizes the 
high speed operation by reducing the time required for the charge/discharge of the boost 
voltage transmission path. 

[MEANS FOR SOLVING THE PROBLEMS] 

The semiconductor memory device of the present invention is characterized by 
comprising: a boost voltage generation circuit for generating a stationary boost voltage; a 
pMOS formed in an N well; and the boost voltage generated by the boost voltage 
generation circuit being supplied to the N well as a bias voltage and simultaneously the 
boost voltage being transmitted, through the pMOS as a transmission gate, to a circuit 
needing the boost voltage. 

Fig. 1 is a drawing to explain the principle of the present invention. In Fig. 1, 
40 represents a boost voltage generation circuit, 41 represents a pMOS, and 42 
represents a circuit (load) needing a boost voltage. The pMOS 41 is formed by 
providing a source 45 and a drain 46 constituted of a diffused layer in an N well 41_ 
formed on a P type silicon substrate 43, and further providing a gate electrode 48 via a 
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gate oxide film 47. The gate electrode 48 is supplied with a control signal Sc. The 
boost voltage Vbo is transmitted to the circuit 42 needing the boost voltage Vbo by being 
supplied to the source 45. The boost voltage Vbo is supplied to the N well 44 as a bias 
voltage via the N* diffused layer 49 formed in the N well. 

[ACTION] 

According to the present invention, the stationary boost voltage Vbo generated 
by the boost voltage generation circuit 40 is supplied to one of the areas to be controlled 
of the pMOS 41, for example, the source 45, so that the transmission path Li connected 
with the source 45 of the pMOS 41. is always charged up to the boost voltage Vbo- To 
be more specific, there is no need of boosting the ^transmission path Li connected with the 
source of the pMOS 41 to the boost voltage Vbo by synchronizing it with a signal (RESi) 
as in the conventional example shown in Fig. 16. Consequently, no time lag is caused in 
driving the circuit 42 needing the boost voltage Vbo. 

When the transmission path L2 connected with the circuit 42 needing the boost 
voltage Vbo or the transmission path U connected with the drain of the pMOS 41 is reset, 
the voltage of the transmission path Li connected with the source does not have to be 
fallen. Consequently, the transmission path L2 connected with the drain-can be reset in a 
short time. 

[EMBODIMENTS] 

Each embodiment of the present invention will be descried with reference to Figs. 
2 through 12; however, the present invention is not limited to these embodiments. 
Every embodiment applies the present invention to DRAM. 
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HRST EMBODIMENT 

Fig. 2 is a circuit showing the main part of the first embodiment of the present 
invention. The main part of the DRAM of the present embodiment comprises a boost 
voltage generation circuit 50, a 1/4 predecoder 51, and a word main decoder 52. The . 
remaining parts are composed as known welL 

(1) Structure of the boost voltage generation circuit 50 

The boost voltage generation circuit 50 comprises a ring oscillation circuit 53, a 
capacitor 54, and nMOSs 55, 56. 

The ring oscillation circuit 53 is composed by connecting the inverters 57, 58, 59 
in a ring, and the output terminal of the inverter 59 is.connected with one end of the 
capacitor 54. The capacitor 54 is composed of an nMOS, and the other end thereof is 
connected with the source of the nMOS 55, the drain and the gate of the nMOS 56. 

The gate and the drain of the nMOS 55 are connected with the power-supply 
line 60. The source of the nMOS 56 is connected with the boost voltage output terminal 
61. 

(2) Operation of the boost voltage generation circuit 50 

The node Nh is suppUed with Vcc - V,h[V] by the nMOS 55. On the other hand, 
the ring oscillation circuit 53 outputs an oscillation voltage, which changes the voltage of 
the node Nu of A shown in Fig. 3. 

As a result, the capacitor 54 is charged up to boost the voltage of the node Nw 
of B shown in Fig. 3. This voltage is supplied to the boost voltage output terminal 61 
via the nMOS 56. The voltage is smoothed by the capacity at the output side, and the 
boost voltage output terminal 61 outputs a stationary boost voltage Vbo of C shown in 
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Fig. 3. 

In the present embodiment, the capacity of the capacitor 54 is so decided that 
the boost voltage Vbo becomes 1.5Vcc[V]. 

(3) Structure of the 1/4 predecoder 51 

The 1/4 predecoder 51 is composed of pMOSs 62, 63, 64, nMOSs 65, 66, 67, 
68, a NAND circuit 69, and an inverter 70. 

The second reset signal RES2 is supplied at the timing of B shown in Fig. 4 and 
inputted to the gate of nMOS 65. The line address signals Ai, A2 are supplied at the 
timing of C shown in Figs. 4 and inputted respectively to the first and second input 
terminals of the NAND circuit 69. 

The output terminal of the NAND circuit 69 is connected v^dth the input terminal 
of the inverter 70 and the gate of the nMOS 66 whereas the output terminal of the 
mverter 70 is connected with the gate of the nMOS 67. 

The sources of the pMOSs 62, 63, 64 are all connected with the boost voltage 
output terminal 61 of the boost voltage generation circuit 50. The pMOSs 62, 63, 64 
are formed in the N well which is also connected with the boost voltage output terriiinal 
61 of the boost voUage generation circuit 50. 

The drain of the pMOS 62 is connected with the drains of nMOSs 65, 66 whose 
sources are connected to the ground. The connection middle point (hereinafter referred 
to as node Nie) between the drain of the pMOS 62 and the drains of the nMOSs 65, 66 is 
connected with the gate of pMOS 63. 

The drain of the pMOS 63 is connected with the drain of the nMOS 67, and the 
source of the nMOS 67 is connected to the ground. The connection middle point 
(hereinafter referred to as node Nn) between the drain of the pMOS 63 and the drain of 
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the nMOS 67 is connected with the gates of pMOSs 62, 64 and the nMOS 68. 

The drain of the pMOS 64 is connected with the drain of the nMOS 68 whose 
source is connected to the ground, 

(4) Operation of the 1/4 predecoder 5 1 

® First, at T = ti in Fig. 4, the second reset signal RES2 is in the high level "H" and the 
line address signals Ai, A2 are in the low level "L", As a result, the nMOSs 65, 66 are in 
the "on" state, the node N16 has 0[V], and the pMOS 63 is in the "on" state. Since the 
nMOS 67 is in the "off* state, the node Nn becomes 1.5Vcc[V], the pMOSs 62, 64 enter 
the "off' state, and the nMOS 68 enters the "on" state. Consequently, at this moment, 
the voltage of the connection middle point (hereinafter referred to as Node Nis) between, 
the drain of the pMOS 64 and the drain of the nMOS 68 is made 0[V], 
® Later, when RAS enters the low level "L" of A shown in Fig. 4, the second reset 
signal RES2 enters the low level "L" in synchronization with this after a predetermined 
time period, and then the line address signals Ai, A2 become the high level "H". 

As a result, the nMOSs 65, 66 enter the "off' state, the nMOS 67 enters the "on" 
state, and the node Nn becomes 0[V] thereby to make the nMOS 62 enter the "on " state. 
The node Nie becomes 1.5Vcc[V] thereby to make the nMOS 68 enter the "off " state. 

Since the pMOS 64 and the nMOS 68 enter the "on" state and the "off* state, 
respectively, the node Nis goes up to 1.5Vcc[V]. 

(D Later, when the second rest signal RES2 becomes the high level "H" and the line 
address signals Ai, A2 becomes the low level "L", the nMOSs 65, 66 enter the "on" state 
and the node Nie becomes 0[V], which makes the pMOS 63 enter the "on" state. Since 
the nMOS 67 enters the "off* state, the node Nn becomes L5Vcc[V], the pMOSs 62, 64 
enter the "off* state, and the nMOS 68 enters the "on" state. At this moment, the 
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voltage of the node Nis goes down to 0[V]. 

(5) Structure of the word main decoder 52 

The word main decoder 52 is composed of pMOSs 71, 72, 73, and nMOSs 74, 
75, 76, 77, 78, 79, 80. 

The sources of the pMOSs 71, 72, 73 are connected with the node Nis. The 
pMOSs 7 1, 72, 73 are formed in the N well which is also connected with the node Nis. 

The drain of the pMOS 71 is connected with the drains of the nMOSs 74, 75 
whose sources are both connected to the ground. The third reset signal RES3 is 
suppUed as the t imin g of G shown in Fig. 4, and inputted to the gate of the nMOS 74. 

The connection middle point (hereinafter referred to as node N19) between the 
drain of the pMOS 71 and the drains of the nMOSs 74, 75 is connected to the gates of the 
pMOS 72 and.the nMOS 76. 

The drain of the pMOS 72 is connected with the drain of the nMOS 76, whose 
source is connected to the ground. The connection middle point (heremafter node N20) 
between the drain of the pMOS 72 and the drain of the nMOS 76 is connected with the 
gates of the pMOS 71, the nMOS 75, the pMOS 73, the nMOS 80, and the drain of the 
nMOS 77. - 

The source of the nMOS 77 is connected with the drain of the nMOS 78 whose 
source is connected with the drain of the nMOS 79 whose source is connected to the 
ground. The line address signals A3, A4, A5 are supplied at the timing of J shown in Fig. 
4 and inputted to the gates of the nMOSs 77, 78, 79, respectively. . 

The drain of the pMOS 73 is connected with the drain of the nMOS 80 whose 
source is connected to the ground. The connection middle point between the drain of 
the pMOS 73 and the drain of the nMOS 80 is connected with the word line WLq. 
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(6) Operation of the word main decoder 52 

(D First, at T = tj, the third reset signal RESj is in the high level "H" and the line 
address signals A3, A4, As are in the low level "L", so that the nMOS 74 is in the "on" 
state and the nMOSs 77, 78, 79 are in the "off' state. As a result, the voltage of the 
node Ni9 becomes 0[V], the pMOS 72 enters the "on" state, the nMOS 76 enters the 
"off' state, and the node N20 has 1.5Vcc[V]. Furthermore, the pMOS 73 and the nMOS 
80 are in the "off" state and the "on" state, respectively, and the word Une WLo becomes 
0[V]. 

(D Later, when the third reset signal RES3 becomes the low level "L", the pMOS 74 
enters the "off' state and when the line address signals A3, A4, As become the high level 
"H" immediately after this, the nMOSs 77, 78, 79 enter the "on" state. 

Consequently, the node N20 becomes 0[V], the pMOS 71 enters the "on" state, 
the nMOS 75 enters the "off' state, and the node N19 becomes 1.5Vcc[V]. Furthermore, 
the pMOS 73 and the nMOS 74 enter the "on" state and the "off" state, respectively. As 
a result, the voltage of the word line WLo becomes 1.5Vcc[V] to be activated. 
® Later, when the third reset signal RES3 becomes the high level "H" and the line 
address signals A3, A4, As become the low level "L", the nMOS 74 enters the "on" state, 
the node Ni9 becomes 0[V], the pMOS 72 enters the "on" state, and the nMOSs 76, 77, 
78, 79 enter the "off state. Consequently, the node N20 becomes 1.5Vcc[V] and the 
pMOS 71 enters the "off" state. Since the pMOS 73 and the nMOS 80 enter the "off 
state and the "on" state, respectively, the word line WLo goes down to 0[V] to be reset at 
this moment. 
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(7) Effects of the &st embodiment 

In the first embodiment, the stationary boost voltage Vbo generated by the boost 
voltage generation circuit 50 is supplied to the source of the pMOS 64, so that the node 
Nil is always charged at the boost voltage Vbo. In other word, there is no need of 
boosting the node N21 to the boost voltage Vbo in synchronization with a signal (RESi) 
Uke the conventional example shown in Fig. 16. Consequently, no time lag is caused 
when the boost voltage Vbo is transmitted to the node Nis- 

Since the voltage of the node N21 does not have to be fallen when the node Nis is 
reset, the node Nig connected with the drain can be reset in a short time. 

Thus, the first embodiment contrives the high speed operation. 

In the present embodiment, when the voltage of the node Nig is boosted to the 
boost voltage level, the voltage of the node N21 falls as indicated by the cross shov^n in 
Fig. 4; however, the operation of the ring oscillation circuit 53 of the boost voltage 
generation circuit 50 soon recovers the boost voltage level, ensuring the boost voltage 
level. 

SECOND EMBODIMENT 

Fig. 5 is a circuit showing the main part of the second embodiment of the present 
invention, and the main part of the DRAM of the present embodiment is composed of a 
boost voltage generation circuit 50, a 1/4 predecoder 51, and a word main decoder 81 
which is the only different part from the first embodiment. 

In the word main decoder 81, the sources of the nMOSs 71, 72 and the N well 
are connected with the boost voltage output terminal 61 of the boost voltage generation 
circuit 50, whereas the source of the pMOS 73 and the N well are connected with the 
node N18. The other parts are structured in the same manner as the word main decoder 
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52 of the &st embodiment (shown in Fig. 2). 

Thus, the second embodiment not only brings about the same effects as the first 
embodiment but also conducts the charge up of the node N20 separately from the voltage 
level of the node Nis when the node Nis is reset. This produces the special effect of 
stable resetting. 

THIRD EMBODIMENT 

Fig. 6 is a circuit showing the main part of the third embodiment of the present 
invention. The main part of the DRAM of the present embodiment is composed of a 
boost voltage generation circuit 82, a 1/4 predecoder 51, a word main decoder 52, a 
boost voltage detection circuit 83, and a boost voltage generation control circuit 84. 
The present embodiment differs from the first embodiment in that some part of the boost 
voltage generation circuit 82, the boost voltage detection circuit 83, and the boost 
voltage generation control circuit 84 are added. 

(1) Structure of the boost voltage generation circuit 82 

The boost voltage generation circuit 82 is provided with a ring oscillation circuit 
85 instead of the ring oscillation circuit 53 in the boost voltage generation circuit 50 of 
the first embodiment (shown in Fig. 2) and further provided with a voltage stabilizing 
capacitor 86. The other parts are constructed in the same manner as the boost voltage 
generation circuit 50 of the first embodiment. 

The ring oscillation circuit 85 connects the output terminal of the NAND circuit 
87 with the input terminal of the inverter 58, the output terminal of the inverter 58 with 
the input terminal of the inverter 59, and the output terminal of the inverter 59 with one 
of the input terminals of the NAND circuit 87. 
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(2) Operation of the boost voltage generation circuit 82 

The ring oscillation circuit 85 performs the oscillation operation so as to increase 
the boost voltage Vbo, namely, the voltage of the node N21 when the other input terminal 
of the NAND circuit 87 is put in the high level "H" by the boost voltage generation 
control circuit 84 which will be described later, and suspends the oscillation operation so 
as to decrease the boost voltage Vbo, namely, the voltage of the node N21 when the other 
input terminal of the NAND circuit 87 is put in the low level "L". 

(3) Structure of the boost voltage detection circuit 83 

The boost voltage detection circuit 83, which is composed of a Vn2i voltage- 
distribution unit 88, a Vi detection unit 89, and a V2 detection unit 90, detects the time 
when the voltage Vn2i of the node N21 goes down to meet the condition: Vn2i = Vi = Vcc 
+ 2Vih and the time when the voltage of the node N21 goes up to meet the condition: Vn2i 
= V2 = Vcc+3V,h. 

In the Vn2i voltage-distribution unit 88, four pMOSs 91, 92, 93, 94 are diode- 
connected in the forward direction, the source of the pMOS 91 is connected with the 
node N21, the gate and the drain of the pMOS 94 are connected with each other and their 
coimection middle point (hereinafter referred to as node N22) is coimected to the ground 
via a resistor 95. 

The Vi detection unit 89 is composed of pMOSs 96, 97, 98, and the pMOS 96 is 
connected with the power-supply line 99, the ground, and the source of the pMOS 97 by 
the source, the gate, and the drain, respectively. The gate and the drain of the pMOS 97 
are connected with each other, and their connection middle point (hereinafter referred to 
as node N23) is connected with the source of the pMOS 98. The pMOS 98 is connected 
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with the node N22 and the ground by the gate and the drain, respectively. The node N23 

is connected with the R input terminal of the flip-flop 100 which composes a boost 
voltage generation control circuit 84 which will be described later. 

The V2 detection unit 90 is composed of pMOSs 101, 102. The pMOS 101 is 
cormected with the power-supply hne 99, the ground, and the source of the pMOS 102 by 
the source, the gate, and the drain, respectively. The pMOS 102 is connected with the 
node N22 and the ground by the gate, and the drain, respectively. The connection middle 
point (hereinafter referred to as node N24) between the drain of the pMOS 101 and the 

source of the pMOS 102 is connected with the S input terminal of the flip-flop 100 via 
the inverter 103. - . 
(4) Operation of the boost voltage detection circuit 83 
® The voltage Vn22 of the node N22 is as follows: 

VN22 = VN21-4Vth 

The pMOS 98 is off under the conditions as follows: 

Vcc-2Vth<VN22 = VN21-4V,b, 

that is, 

I 

VN21>Vcc + 2Vth = Vi 

The pMOS 102 is off under the conditions as follows: 

Vcc-Vth<VN22 = VN21-4Vih, 

that is, 

VN21>Vcc + 3Vth = V2 

(D As a result, when Vn2i becomes lower than Vi, the pMOSs 98, 102 enter the "on" 
state, whereas the nodes N23, N24 become the low level "L". 

Later, when Vn2i meets the condition: Vi < Vn2i < V2, the pMOS 98 enters the 
"off' state and the node N23 changes to the high level "H". The pMOS 102 remains in 

23 



the "on" state and the node N24 maintains the low level "L". 

When the Vn2i becomes higher than V2, the pMOSs 98, 102 both enter the "off' 
state, the node N23 maintains the high level "H", and the node N24 changes to the high 
level "H". - , 

(5) Structure^ of the boost voltage generation control circuit 84 

The boost voltage generation control circuit 84 is composed of inverters 103, 
104, and a flip-flop 100 composed of NAND circuits 105, 106. The Q output terminal 
is connected to the other input terminal of the NAND circuit 87 of the ring oscillation 
circuit 85 via the inverter 104. 

(6) Operation of the boost voltage generation control circuit 84 

® If the voltage Vn2i of the node N21 drops lower than Vi, then the nodes N23, N24 

both become the low level "L", so that the S input terminal and the R input terminal of 
the flip-flop 100 are put in the high level "H" and the low level "L", respectively. As a 
result, the Q output terminal outputs the low level "L" and the other input terminal of the 
NAND circuit 87 is supplied with the high level "H". Therefore^^in this case, the ring 
oscillation circuit 85 starts the oscillation operation so as to raise the voltage Vn2i of the 
node N21. 

(2) Then, when the voltage Vn2i of the node N21 meets the condition: Vi < Vn2i < V2, 
the node N23 changes to the high level "H", and the node N24 maintaios the low level "L". 
As a result, the S input terminal and the R input terminal are both put in the high level 
"H", so that the output of the Q output terminal remains in the low level "L". Therefore, 
under the condition of Vi < Vnzi < V2, the other input terminal of the NAND circuit 87 is 
supplied with the high level "H", so that the ring oscillation circuit 85 continues the 
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oscillation operation, thereby to further increase the voltage Vn2i of the node N21. 

(3) Later, when the voltage Vn2i of the node N21 grows higher than V2, the nodes N23, 

N24 both become the high level "H". Therefore, the S input terminal changes to the low 
level "L", and in response to. this, the output of the Q output terminal changes to the high 
level "H". As a result, the other input terminal of the NAND circuit 87 is supplied with 
the low level "L". Consequently, in this case, the ring oscillation circuit 85 stops the 
oscillation operation, and the voltage Vn2i of the node N21 starts to fall. 
@ When the voltage Vn2i of the node N2i drops lower than Vi again, the operation 
described in ® is started to raise the voltage Vn2i of the node N21. Hereinafter, the 
same operation is repeated. 

Fig. 7 is a time chart showing the operation of the third embodiment. 

(7) Effects of the third embodiment 

The third embodiment not only brings about the same effects as the first 
embodiment but also eliminates the stand-by current of the ring oscillation circuit 85 
which composes the boost voltage generation circuit 82, and as a result, a special effect 
of realizing the reduction of power consumption is obtained, 

FOURTH EMBODIMENT 

Fig. 8 is a circuit showing the main part of the fourth embodiment of the present 
invention. In the present embodiment, the word main decoder 52 of the third 
embodiment is replaced by the word main decoder 81 of the second embodiment. 

The fourth embodiment not only brings about the same effects as the second 
embodiment, but also realizes the reduction of power consumption like the third 
embodiment. 
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FIFTH EMBODIMENT 

Fig. 9 is a circuit showing the main part of the fifth embodiment of the present 
invention. The DRAM of the present embodiment is composed of an internal voltage 
reduction power-supply circuit 107 and the other components structured in the same 
manner as the first embodiment. 

The internal voltage reduction power-supply circuit 107 is composed of pMOSs 
108, 109, 110, 111, 112, 113, an nMOS 114, and a resistor 115. The pMOSs 108, 109, 
110, 111, 112, 113 are diode-connected in the forward direction, the source of the pMOS 
108 is connected with the power-supply Une 116 via the resistor 115, and further 
connected with the gate of the pMOS 114. The gate and the drain of the pMOS 113 are 
connected to the ground. The nMOS 114 is connected with the power-supply line 116 
by the drain so that the source can obtain the voltage reduction voltage Vcc'. 

The fifth embodiment brings about not only the same effects as the first 
embodiment, but also a special effect of obtaining a boost voltage Vbo stable against the 
fluctuation of the external power-supply voltage Vcc. 

SIXTH EMBODIMENT 

Fig. 10 is a circuit showing the main part of the sixth embodiment of the present 
invention. The DRAM of the present embodiment utilizes the internal voltage reduction 
power-supply circuit 107 of the third embodiment shown in Fig. 9. 

The sfacth embodiment brings about not only the same effects as the third 
embodiment but also a special effect of obtaining the boost voltage Vbo stable against the 
fluctuation of the external power-supply vohage Vcc. 
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SEVENTH EMBODIMENT 

Fig. 11 is a circuit showing the main part of the seventh embodiment of the 
present invention. The present embodiment applies the present invention to an address 
buffer 116 and a colunm decoder 117. Fig. 12 is a time chart showing their operation. 
In Fig. 11, the numerals 118, 119 show load capacities. 

OTHERS 

The first and second embodiments describe the case where the boost voltage is 
made 1.5Vcc[V]; however, the voltage value should be decided according to the type of 
the product or other conditions. 

Although the above embodinients describe the cases where the present invention 
is applied to the line decoder, an address buffer, and a column decoder of DRAM, it can 
be applied to various circuits needing a boost voltage. 

[EFFECTS OF THE INVENTION] 

In the present invention, a stationary boost voltage generated by a boost voltage 
generation circuit is supplied to one of the areas to be controlled of a pMOS, such as the 
source. According to this structure, the transmission path connected with the source of 
the pMOS is constantly charged at a boost voltage, and unlike the conventional example 
shown in Fig. 16, there is no need of boosting the transmission path connected with the 
source of the pMOS to a boost voltage in synchronization with a signal (RESi). As a 
result, no delay is caused to drive a circuit (load) needing a boost voltage. When the 
transmission path connected with a circuit (load) needing a boost voltage, or a circuit 
coimected with the drain of the pMOS is reset, there is no need of falling the voltage of 
the transmission path connected with the source, which makes it possible to reset the 
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transmission path connected with the drain in a short time. This brings about the effect 
of realizing a high speed operation. 

In the case having a boost voltage detection circuit which outputs a first 
detection signal when the boost voltage outputted from the boost voltage generation 
circuit has gone down to a first predetermined voltage value, and outputs a second 
detection signal when the boost voltage has gone up to a second predetermined voltage 
value higher than the first predetermined voltage value and having a boost voltage 
generation circuit which so controls a boost voltage generation circuit as to increase the 
boost voltage in response to the first detection signal and as to decrease the boost voltage 
in response to the second detection signal, the stand-by current of the oscillation circuit 
composing the boost voltage generation circuit can be eliminated. This brings about a 
special effect of realizing the reduction of power consumption. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration explaining the principle of the present invention; 

Fig. 2 is a circuit showing the main part of the first embodiment of the present 
invention; 

Fig. 3 is a time chart showing the operation of the boost voltage generation 
circuit of the first embodiment (shown in Fig. 2) of the present invention; 

Fig. 4 iis a time chart showing the operation of the first embodiment (shown in 
Fig. 2) of the present invention; 

Fig. 5 is a circuit showing the main part of the second embodiment of the present 

invention; 

Fig. 6 is a circuit showing the main part of the third embodiment of the present 
invention; 
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Fig. 7 is a time chart showing the operation of the third embodiment (shown in 
Fig. 6) of the present invention; 

Fig. 8 is a circuit showing the main part of the fourth embodiment of the present 
invention; 

Fig. 9 is a circuit showing the main part of the fifth embodiment of the present 
invention; 

Fig. 10 is a circuit showing the main part of the sixth embodiment of the present 
invention; 

Fig. 11 is a circuit showing the main part of the seventh embodiment of the 
present invention; 

Fig. 12 is a time chart showing the operation of the seventh einbodiment (shown 
in Fig. 11) of the present invention; 

Fig. 13 is a circuit showing the main part of conventional DRAM; 

Fig. 14 is a time chart explaining the operatiori of the conventional example 
shown in Fig. 13; 

Fig. 15 is a waveform explaining the problems of the conventional example 
shown in Fig. 13; 

Fig. 16 is a circuit showing the main part of another example of conventional 

DRAM; 

Fig. 17 is a time chart explaining the operation of the conventional example 
shown m Fig. 16; and 

Fig. 18 is a waveform explaining the advantages of the conventional example 
shown in Fig. 16. 

40 — boost voltage generation circuit 
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41 ™ pMOS 

42 — circuit needing a boost voltage 
Vbo — boost voltage 

Vcc — power-supply voltage 
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no. 1 

® boost voltage generation circuit 
(D circuit needing a boost voltage 
(E> N weU 

@ illustration explaining the principle of the present invention 

na2 

® 1/4 predecoder 

® word main decoder 

® boost voltage generation circuit 

@ main part of the jSrst embodiment 

HG.S 

(D node Ni5 

(D boost voltage output terminal 

© time chart showing the operation of the boost voltage generation circuit of 
Embodiment 1 (FIG. 2) 

FIG. 4 

(D second reset signal 
© line address signal 
® node 
(S) word Une 
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d) time chart showing the operation of Embodiment 1 (FIG. 2) 

no. 5 

® 1/4 predecoder 

(D word main decoder 

(D boost voltage generation circuit 

@ main part of Embodiment 2 

FIG. 6 

© boost voltage generation control circuit 
© boost voltage detection circuit 
® main part of Embodiment 3 

FIG. 9 . 

® internal voltage reduction power-supply circuit 
HG. 11 

® address buffer 
d) column decoder 
(D boost voltage 

HG. 13 

® main part of an example of conventional DRAM 
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FIG. 15 
® voltage 
(D time 

(D waveform showing problems of the conventional example of FIG. 13 
FIG. 16 

® main part of another example of conventional DRAM 
FIG. 17 

(D time chart showing the operation of the conventional example of FIG. 16 
FIG. 18 

® waveform showing the advantages of the conventional example of FIG. 16 
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